ABSTRACT Background: As the prevalence of obesity increases in developing countries, the double burden of malnutrition (DBM) has become a public health problem, particularly in countries such as Guatemala with a high concentration of indigenous communities where the prevalence of stunting remains high. Objective: The aim was to describe and analyze the prevalence of DBM over time (1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008) in indigenous and nonindigenous Guatemalan populations. Design: We used 3 National Maternal and Child Health Surveys conducted in Guatemala between 1998 and 2008 that include anthropometric data from children aged 0-60 mo and women of reproductive age (15-49 y). We assessed the prevalence of childhood stunting and both child and adult female overweight and obesity between 1998 and 2008. For the year 2008, we assessed the prevalence of DBM at the household (a stunted child and an overweight mother) and individual (stunting/short stature and overweight or anemia and overweight in the same individual) levels and compared the expected and observed prevalence rates to test if the coexistence of the DBM conditions corresponded to expected values. Results: Between 1998 and 2008, the prevalence of childhood stunting decreased in both indigenous and nonindigenous populations, whereas overweight and obesity in women increased faster in indigenous populations than in nonindigenous populations (0.91% compared with 0.38%/y; P-trend , 0.01). In 2008, the prevalence of stunted children was 28.8 percentage points higher and of overweight women 4.6 percentage points lower in indigenous compared with nonindigenous populations (63.7% compared with 34.9% and 46.7% compared with 51.3%, respectively). DBM at the household and individual levels was higher in indigenous populations and was higher in geographic areas in which most of the population was indigenous, where there was also a greater prevalence of stunting and DBM at the individual level, both in women and children. Conclusions: In Guatemala, DBM is more prevalent in indigenous than in nonindigenous populations at the household and individual levels. To enhance effectiveness, current strategies of national policies and programs should consider DBM and focus on indigenous populations.
INTRODUCTION
Approximately half (42%) of the Guatemalan population is self-identified as indigenous, and .75% of indigenous individuals live in poverty (1) . The double burden of malnutrition (DBM) 5 , which refers to the coexistence of under-and overnutrition, is increasing as the nutrition transition occurs in many developing countries (2, 3) . Currently, Guatemala has the second highest prevalence of stunting in the world among children ,5 y of age and the highest in Latin America (49%) (4) . The prevalence of stunting in Guatemala has decreased by only 5.1% in the past 20 y (1). Stunting is related to a nutrient-poor diet, a high incidence and recurrence of infectious diseases during childhood, inadequate wastewater disposal (,25% coverage in 2006), and overcrowded conditions (1, 5) . The prevalence of anemia is also a public health problem in Guatemala that affects 21.4% of nonpregnant women and 47.7% of children aged 6-59 mo (6) . Globally, the burden of anemia in indigenous populations is higher than in the nonindigenous population (7) . Moreover, the combination of maternal short stature and anemia accounts for at least 20% of maternal mortality and greater infant morbidity and mortality (1) .
As in most developing countries, the prevalence of overweight and obesity in Guatemala has increased rapidly, particularly in the past 2 decades. Approximately 50% of women of reproductive age (WRA) are overweight or obese (4) . The increase in overweight and obesity in Guatemala is related to drastic changes in dietary and physical activity patterns, particularly associated with an obesogenic environment.
Previous studies conducted with the use of data from the year 2000 found that Guatemalan households had the highest prevalence of DBM in the world, with a prevalence of 16-18% [stunted child-overweight mother (SCOM) pairs] (8, 9) . Guatemalan households with SCOM pairs were more likely to self-identify as indigenous, be of lower socioeconomic status, have a mother of short stature and higher parity, and include women currently working (9) . However, there is no information about the prevalence of DBM at the individual level (stunting/short stature and overweight or anemia and overweight in the same individual) or that quantifies the differences in DBM prevalence between indigenous and nonindigenous populations in Guatemala. Therefore, the purpose of our study was to further assess the trend of stunting/short stature and overweight/obesity in Guatemalan children ,5 y of age and WRA between 1998 and 2008 and the prevalence of DBM at the household and individual levels in 2008. In addition, we aimed to describe differences in the prevalence of DBM between indigenous and nonindigenous populations.
SUBJECTS AND METHODS
We used the 1998, 2002, and 2008 Encuesta Nacional de Salud Materno Infantil (National Maternal and Child Health Surveys; ENSMI), which are nationally representative of the 22 departments (geopolitical divisions) in Guatemala. For each ENSMI, a multistage, random, stratified cluster-sampling procedure was used to select a nationally representative sample. The surveys were composed of 5587 (1998), 16,162 (2002) , and 22,990 (2008) households; 6201, 7913, and 16,819 WRA (15-49 y); and 4545, 7525, and 10,775 offspring aged 0-59 mo. A detailed description of the sampling and data collection methods are described elsewhere (10) (11) (12) .
We estimated the national prevalence of underweight, stunting/ short stature, anemia, overweight, and obesity in children (0-59 mo) and in WRA and stratified by ethnicity for each case. Ethnicity was defined as indigenous when respondents selfdeclared as being indigenous and if the WRA spoke an indigenous language (10) (11) (12) . We also estimated the combined prevalence of these indicators to determine the DBM at the household and individual levels in the total population as well as by ethnicity.
We defined underweight as weight-for-height z score , 22 SDs, stunting as height-for-age z score , 22 SDs, overweight as weight-for-height z score .2 SDs and #3 SDs, and obesity as weight-for-height z score .3 SDs for children 0-59 mo by using WHO 2006 and 2007 references (13) . BMI was calculated by dividing body weight (kg) by height squared (m 2 ) and was used as the indicator for underweight (in kg/m 2 ; ,18.5), overweight ($25 and ,30), and obesity ($30) for all women. Short stature was defined as height ,145 cm. Anemia was defined by using the sex and age WHO cutoffs and adjusted for Ruiz-Argüelles equation for altitudes .1000 m (14, 15) . Weight-for-height outliers were defined as , 25 SDs and height-for-age outliers as , 26 SDs.
By using data from all 3 surveys, at the national level we estimated the prevalence and CIs for underweight, stunting, overweight, and obesity in children 0-59 mo and underweight, anemia, short stature, overweight, and obesity in WRA. We also analyzed data in 2 age groups for WRA (15-34 and 35-49 y) . Anemia in children was calculated only among those aged 6-59 mo following the WHO hemoglobin cutoffs (16) . For all other analyses described below, we used the most current survey data available (2008) .
At the household level, we estimated the prevalence of SCOM pairs, defined as those with a stunted child (, 22 SDs of heightfor-age) and an overweight or obese mother (BMI .25.0), for the whole population and stratified by ethnicity. To estimate SCOM pairs at the household level, we excluded mothers with missing BMI data, those who were pregnant or breastfeeding, and women who had no children or no data on their 0-to 59-moold child. In households with twin siblings, one twin was selected at random for this analysis. In the case of $2 children aged 0-59 mo within the same household, we performed the analysis with the oldest children. We calculated the expected prevalence of SCOM pairs by multiplying the prevalence of overweight/obese mothers by the prevalence of stunted children.
At the individual level, we estimated the concurrent prevalence of stunting and overweight/obesity as well as of anemia and overweight/obesity in children, both in the general population and by ethnicity. In WRA, the concurrent prevalence of short stature and excess body weight and anemia and excess body weight were estimated. We included children and woman with complete weight, height, and hemoglobin data. We then estimated the expected prevalence of stunted/overweight children, anemic/overweight children, anemic/overweight women, and short-stature/overweight women. We calculated the expected prevalence by multiplying the prevalence of overweight/obesity by the prevalence of stunting and anemia in children and short stature and anemia in WRA.
At the department level, we estimated the same prevalence rates described above for the whole population and stratifying by ethnicity. We performed a Student's t test to assess the differences between indigenous and nonindigenous populations within the ENSMI 2008, and P values were obtained. We also compared the expected prevalence with the observed prevalence at the household and individual levels, stratifying by ethnicity, by using the chi-square test from which P values were obtained (17) . A chi-square test was also conducted to obtain trends in stunting, overweight, and obesity in children and for short stature, overweight, and obesity in WRA from 1998 to 2008, stratifying by ethnicity. All analyses were adjusted for the complex survey sampling design by using STATA version 12.0 (StataCorp).
RESULTS
Childhood stunting significantly decreased (P , 0.01), whereas overweight and obesity in WRA significantly increased between 1998 and 2008. There was a significant reduction in stunting in both indigenous (0.8%/y) and nonindigenous (0.6%/ y) children and a reduction in short stature in indigenous WRA (0.6%/y) ( Figure 1 ). There was also a significant reduction in overweight and obesity in indigenous children but not in nonindigenous children. Overweight/obesity increased by 1.0 percentage point/y in indigenous WRA compared with only a 0.4 percentage point/y increase in nonindigenous WRA. This increase is evident by the overall greater increase in the prevalence of obesity in WRA between 1998 and 2008, which more than doubled in indigenous WRA (6.1% to 13.5%).
In 2008, the national prevalence of stunted children was 28.8 percentage points higher and of overweight WRA 4.6 percentage points lower in indigenous populations than in nonindigenous populations (63.7% compared with 34.9% and 46.7 compared 2S of 8S with 51.3%, respectively) ( Table 1 ). There was no significant difference in the prevalence of overweight/obesity and anemia between indigenous and nonindigenous children. The proportion of indigenous WRA with short stature was .2.5 times that for nonindigenous WRA (45.6% compared with 17.7%; P , 0.05), and this difference was also significant and of the same magnitude in both age groups ( Table 1 ). The prevalence of anemia was significantly higher in indigenous WRA compared with nonindigenous WRA, overall and in both age groups. Furthermore, anemia was 7.5% percentage points higher in the 35-to 49-y group than in the 15-to 34-y group in indigenous WRA (33.6% compared with 26.5%); this difference in nonindigenous WRA was only 3.2% percentage points (26.1% compared with 23.3%). The prevalence of overweight/obese WRA increased considerably with age (40.6% in the 15-to 34-y group compared with 70.0% in the 35-to 49-y group). Nonindigenous WRA had a greater prevalence of obesity than did indigenous WRA, overall and in both age groups. Among both children and WRA, the prevalence of underweight prevalence in Guatemala is low (Table 1) .
At the household level, child stunting and maternal overweight (SCOM) was identified in 20.0% of all households ( Table 2) . Indigenous households had twice the prevalence of SCOM pairs than did nonindigenous households (28.2% compared with 14.4%). The observed prevalences of households with SCOM pairs were significantly lower than the expected prevalences.
At the individual level, the DBM when defined by the prevalence of both anemia and overweight/obesity was similar among indigenous and nonindigenous WRA (Table 2) , and all of the observed prevalences were significantly lower than expected. However, the DBM when defined by the coexistence of short stature and overweight/obesity was 2.5 times greater in indigenous WRA compared with nonindigenous WRA (22.0% compared with 8.7%).
Among children, the DBM at the individual level was similar to that observed in WRA ( Table 2 ). The prevalence of DBM when reported by the coexistence of overweight/obesity and stunting was 2.7% in indigenous children compared with 1.1% in nonindigenous children. When DBM was reported by anemia and stunting, the prevalence of DBM was 1.1% and 1.7% in indigenous and nonindigenous children, respectively. Among children, all observed prevalences of DBM were lower than the expected prevalences, except for those for anemia and stunting.
At the department level, the prevalence of overweight and obesity in WRA varied between 41% and 57%, and the prevalence of stunting varied between 24% and 80%. The 5 departments with the highest prevalence of SCOM pairs or DBM at the household level (.28%; Figure 2 ) had both a high prevalence of stunting (.58%) and a high proportion of indigenous population (68-95%). These departments were also within the top 5 with the highest prevalence of individual DBM (short stature and overweight/obesity) in WRA (19-28%), within the top 9 departments with the highest prevalence of overweight and obesity in children (5.5-6.8%), and within the top 8 departments with the highest prevalence of individual DBM (stunting and overweight/obesity) in children (2.3-4.0%). 
DISCUSSION
In Guatemala, which has one of the highest rates of prevalence of DBM reported previously in the world, we sought to enrich the understanding of DBM at the household and individual levels. We found that the indigenous population in Guatemala was the most vulnerable to DBM, in which more than a quarter of households had SCOM pairs and more than one-fifth of WRA had an individual DBM. We also identified the region in Guatemala (Western Highlands) where DBM is highest, which is mainly inhabited by indigenous populations.
DBM can be understood within the nutritional transition context. The greater prevalence of DBM found in indigenous Guatemalans at both the household and individual levels (except for anemic-overweight/obese children) suggests that the DBM has sociodemographic determinants, especially those associated with poverty. These findings are consistent with other studies that found that the presence of SCOM pairs was associated with myriad sociodemographic and socioeconomic indicators. One study found that the presence of SCOM pairs was associated with maternal age, formal education, and number of siblings (18) . Other studies identified that DBM in children (stunting and overweight in preschoolers) was associated with maternal age, maternal height, maternal schooling, perceived social status, selfidentified as indigenous, number of individuals in the household, poor drainage system, lower socioeconomic status, and women currently working (9, 19) .
The relation between anemia and overweight is less understood. One hypothesis is that because of higher concentrations of hepcidin present in overweight individuals, which may reduce iron absorption, obesity-related inflammation mechanisms might result in iron sequestration (20, 21) . Furthermore, pediatric adiposity was found to predict iron deficiency as well as a reduced response to iron fortification (22) .
The consequences of DBM, particularly individual DBM, remain largely unknown and understudied. Almost 3 decades ago, Barker (23) proposed the fetal origins hypothesis, which laid the foundation for the Developmental Origins of Health and Disease (DOHaD) research concept to explain how earlylife exposures affect diseases in adulthood, particularly chronic diseases, through programming mechanisms including cellular signaling pathways, metabolic and hormonal responses, and epigenetic modifications (3, 24) . The mismatch between early and later environment may explain the earlier onset and higher severity of chronic diseases in low-and middle-income countries, where premature deaths by those diseases is much higher than in high-income countries (25, 26) . Stunted growth and repeated gut infections, both common in early life in Guatemala, increase the risk of developing obesity and its associated comorbidities in both adolescence and adulthood (27) .
There are 370 million indigenous people worldwide (28) . The basic causes of morbidity are similar in indigenous and nonindigenous individuals, but the burden of disease, disability, and death is consistently greater in indigenous populations (29) . The greater prevalence of DBM found in the Mayan indigenous population in Guatemala might be related to a combination of environmental and genetic predisposition. In general, the morbidity observed in indigenous populations is related to poverty, poor hygiene, recurrent infections, overcrowding, and inadequate clinical care and health promotion, all of which are common in 
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indigenous areas in Guatemala (28) . At the same time, greater genetic susceptibility might amplify the relation between social and environmental disadvantages and morbidity in indigenous populations. For example, the disproportionate prevalence of diabetes found in several indigenous populations in the world suggests such a genetic susceptibility (30, 31) . These results 
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should encourage further investigation to disentangle the causes related to the greater DBM prevalence in Guatemalan indigenous populations, as well as the validity and consistency of these findings in indigenous populations in other Latin American countries. The occurrence of DBM at the household and individual levels in children and WRA was lower than expected (17) . Therefore, DBM in the same household or individual appears to be solely the result of the magnitude of the separate prevalence rates of the individual conditions (stunting, anemia, overweight/obesity) in the population. Nevertheless, prevalence rates of DBM at the household level are of such a magnitude in Guatemala that they deserve greater attention and urgent public health interventions.
Health systems should be adjusted to meet the challenges of the DBM, and previous studies support that a multidimensional approach is needed, ranging from education, sex and income equity, public-private partnerships, economic development, environmental improvement, and targeted community-based interventions (2, (32) (33) (34) . Interventions in low-and middle-income countries to increase birth weight and linear growth during the first 2 y of life are likely to result in substantial gains in height and give some protection from adult chronic disease risk factors, with few adverse trade-offs (35) . Furthermore, the geographical distribution of DBM prevalence at the department level will be key to target plans and programs to tackle this nutritional problem.
Even though a few current policies and plans related to nutrition and food security in Guatemala mention DBM, their implementation strategies do not include this phenomenon. There is only one national and one regional policy, respectively, that consider DBM with an implementation strategy. The Food Security and Nutrition Policy of Central America and Dominican Republic was approved by the Council of Ministries of Health from Central America and Dominican Republic (COMISCA), the Central American Agricultural Council (CAC), and the Central American Social Integration Council (CIS) between June 2012 FIGURE 2 Prevalence (95% CI) of the coexistence of a stunted child and an overweight mother in the same household by department in 2008. Weighted n = 7747. Stunting = height-for-age z score , 22 SDs; overweight = BMI (in kg/m 2 ) $25.
and April 2013, for a 20-y execution period. This policy was promoted as a way to better coordinate, integrate, and strengthen regional efforts and effectiveness to address malnutrition deficiencies and excesses. One of the measures that this policy mentions is the development of guidelines to strengthen national plans, programs, and projects for the prevention and control of DBM. However, so far, no action has been taken. The National Policy of Food Security and Nutrition (PFSN) has the main goal of providing a strategic framework between the public sector, civil society, and international cooperation agencies to ensure sound food security and proper nutrition. This policy was approved in 2008. One of the specific objectives of this policy is to develop and strengthen mechanisms for the prevention and treatment of nutritional problems of shortage or excess, prioritizing high-risk groups. However, most actions taken in Guatemala have addressed only problems related to undernutrition. For example, as a response to the PFSN, the current government developed and approved the Plan for Zero Hunger Pact. Yet, the Zero Hunger Pact mentions only acute and chronic undernutrition as the 2 main nutritional problems that should be addressed in the country. A case in which the DBM approach is applied in Guatemala at the policy level is within the National Healthy Schools Strategy. Through this strategy, teachers are trained in health and nutrition, which includes information on the prevention of both undernutrition as well as noncommunicable diseases.
In conclusion, the DBM affects the indigenous population in Guatemala in a greater proportion in comparison with the nonindigenous population, at both the household and individual levels. These results deserve further research on the causes of the greater DBM found in this population. Implementation strategies of current and new national policies and plans should include DBM and establish early and timely preventive actions with a particular focus on indigenous populations, primarily those living in the Western Highlands, to be more effective.
